THE late occurrence of cyanosis or congestive heart failure is not unusual in patients with a large ventricular septal defect and hiigh ptulmonary vascullar resistance. ' 2 2 The physiological clhanges producing these events remain somexvhat unclear, however, although recent evidence" "I indlicates that pulmoniarv vascular resistance, if high early in life, may increase over a period of years. In two patients reported by Arcilla and co-workerss,3 xvascular resistance in the lungs rose su-fficiently to cauise right-to-left intracardiae shuinting and cyanosis. llemodynamic alterations dturing the appearan.ce of heart failure lhalv(e not been reported in these or otlher stidies, hx owever-. ' T he 1)resent r-eport describes ser;ial hemodyn-iamic finidings in a patien-t with this syndrome (luriiinig a period when cyanosis increased and cardiac faillure occturred. Unlike the patienits mentioned above, ouir patient showed a decrease in arterial oxygen satuiration that did not result from a disproportioniate rise in pulmonary compared to systemic vaseilar resistance. Rather, a progressive fall in the amnouniit of blood pumped from both sideN of the heart explained the intensificationi of cyanosis and the manifestations of heart failure. same as those outlined in a previous publication from this laboratory.9 This patient was no. 8 in that report, which showed that in 1961 he developed severe arterial oxygen unsaturation on exertion. All catheterizations were done in the supine position. He received 50 mg. of secobarbital before the second procedure, but otherwise local anesthesia was the only medication. An increase in oxygen content appeared at the right ventricular level in each instance.
Oxygen saturation values in the right ventricle and pulmonary artery differed little at each procedure. Of 25 blood samples taken from these two areas during the three catheterizations, all but one were at least 10 per cent less saturated than systemic arterial blood drawn during the same procedure. The following oxygen saturation percentage values, taken in a 14-minute period during the last catheterization, are typical: right ventricle tricuspid area 60.4, mid-right ventricle 62.0, outflow tract 68.0, 65.4, main pulmonary artery 66.1, 67.2, right pulmonary artery 65.3, 66.9. The consistency of these data was considered to provide definitive evidence for ventricular septal defect and effectively to rule out other entities such as single ventricle. Selective angiocardiography in the right ventricle was attempted, but useful results were not obtained, since the catheter slipped out of the ventricle at the onset of injection. Indocyaninegreen dye injected at several locations showed a right-to-left shunt at the ventricular level.
Catheterization results are presented in table 1. The most arresting finding is the progressive fall in the "combined" cardiac output; i.e., the sum of the systemic and pulmonary blood flows. Summation of blood flows in this way is justified, since in patients with a large ventricular septal defect the two ventricles together eject blood which is apportioned between the systemic and pulmonary circulations in a ratio depending on the resistance in these circuits.10 11 In 1960 systemic blood flow and "combined" cardiac output were normal, but 40 months later both values had fallen to an extremely low level. The volume of the shunts across the defect in each direction fell slightly during this period, Circulation, Volume XXX, July 1964 Systemic and pulmonary arterial pressures remained quite steady. Therefore the calculated vascular resistance in each circuit rose inversely as the fall in blood flow. "Combined" vascular resistance climbed sharply to a level greater than twice normal. The ratio of systemic to pulmonary vascular resistance remained about the same, however.
Moderate arterial oxygen unsaturation was observed at the time of the first two catheterizations, but by the time of the third procedure it had become more intense. From data in table 1 Inhalation of oxygen had only a moderate effect on arterial oxygen saturation; on the day after the third catheterization breathing 100 per cent oxygen raised it from 71 per cent to 81 per cent. The hematocrit value had increased considerably by the time of the last catheterization. Ventilation had also increased, but oxygen consumption was unchanged. Although pulmonary wedge pressure remained normal, right ventricular end-diastolic and right atrial pressures had risen to abnormal levels by the time of the third procedure.
Discussion
As a child this patient, like many with a large ventricular septal defect,12 experienced exertional dyspnea, and later enjoyed a remission of symptoms. During adolescence the improvement in exercise tolerance and reduction in heart size were probably related to falling pulmonary blood flow and rising pulmonary vascular resistance, a sequence of BLISS, MOFFAI Repeated cardiac catheterizations during the latter period showed that cardiac output into both the pulmonary and the systemic circuits gradually fell to very low levels while vascular resistance rose progressively. The ratios of flows, pressures, and resistances in the two circuits did not change. Left-to-right shunting always predominated. Right atrial pressure rose but pulmonary artery "wedge" pressure remained unaltered.
Progressive reduction in output from both sides of the heart explained the appearance of reduced arterial oxygen saturation, increased cyanosis, and the manifestations of cardiac failure.
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